Nutrient profiling systems are powerful tools for public health initiatives, as they aim at categorising foods according to their nutritional quality. The British Food Standards Agency (FSA) nutrient profiling system (FSA score) has been validated in a British food database, but the application of the model in other contexts has not yet been evaluated. The objective of the present study was to assess the application of the British FSA score in a French food composition database. Foods from the French NutriNet-Santé study food composition table were categorised according to their FSA score using the Office of Communication (OfCom) cut-off value ('healthier' # 4 for foods and #1 for beverages; 'less healthy' . 4 for foods and . 1 for beverages) and distribution cut-offs (quintiles for foods, quartiles for beverages). Foods were also categorised according to the food groups used for the French Programme National Nutrition Santé (PNNS) recommendations. Foods were weighted according to their relative consumption in a sample drawn from the NutriNet-Santé study (n 4225), representative of the French population. Classification of foods according to the OfCom cut-offs was consistent with food groups described in the PNNS: 97·8 % of fruit and vegetables, 90·4 % of cereals and potatoes and only 3·8 % of sugary snacks were considered as 'healthier'. Moreover, variability in the FSA score allowed for a discrimination between subcategories in the same food group, confirming the possibility of using the FSA score as a multiple category system, for example as a basis for front-of-pack nutrition labelling. Application of the FSA score in the French context would adequately complement current public health recommendations.
An 'unhealthy' diet is one of the major drivers of chronic diseases in the Western world (1, 2) . Being aware of the existing challenge of preventing chronic diseases, most Western countries have invested in state-level public health nutrition programmes (3 -5) . Most initiatives use nutritional education or communication, promoting the consumption of certain food groups (fruit and vegetables, whole-grain cereals and water) and warning against excessive intakes of other food groups or of specific nutrients (snack products, saturated fat, added sugar and Na) (6) .
Since 2000, France has developed one such public health nutrition programme, the Programme National Nutrition Santé (PNNS, French Nutrition and Health Program), which is aimed at improving the health of the whole population by acting on nutrition (7) . The programme combines synergistic, complementary and consistent actions, measures, regulations and laws. Regular vast national multimedia campaigns and broadly disseminated national food-based guides (8) relay public health messages, encouraging the consumption of certain food groups ('at least five fruit and vegetables a day' and 'bread and cereals at each meal according to appetite') and recommending the limited consumption of other food groups ('avoid eating foods that are too salty, too sugary or too fatty' and 'avoid snacking'). Recommendations pertaining to the consumption of meat and alternatives and dairy products are intermediate ('meat, fish and alternatives should be consumed once or twice a day' and 'three dairy products a day').
Beyond nutritional recommendations concerning broad categories of food, some have argued for further scoring of individual foods, through nutrient profiling systems (6, 9) . Nutrient profiling systems aim at positioning individual foodstuffs based on their nutritional composition (10) . Nutritional information is therefore simplified in a single score, taking into account various components of the food. Potential applications of nutrient profiling systems to public health initiatives are multiple: they could be used as a support for front-of-package nutritional information; as a tool to regulate advertising of foods; as a basis to implement food taxes or subsidies (11) . Multiple nutrient profiling systems have been developed (9, 12) , one of the most advanced being the British nutrient profiling system developed by the Food Standards Agency (FSA), hereafter termed the FSA score (13) .
The FSA score was developed in order to regulate advertising of foods and beverages to children in the UK (13, 14) . The model has since been applied with other objectives (15) and has been found to be applicable to adults as well (16) . For each food or drink, a score is provided according to their content in energy, total sugar, Na and saturated fat, balanced by their content in fruits, vegetables and nuts, fibres and proteins (13) . Individual scores range from 2 15 (most healthy) to 40 (less healthy) (see online supplementary Table S1 for details on score computation). Cut-offs have been established by the Office of Communication to categorise foods and drinks as 'healthier' and 'less healthy', and the latter are not allowed for advertising to children (13) . The FSA scoring system has been validated in the British National Diet and Nutrition Survey food database (17) , but the application of the model in other contexts has not yet been tested. The objective of the present study was to investigate the application of the FSA score in a French food composition database, and to assess its consistency with PNNS food groups, relating it to French recommendations (8) . We hypothesised that foods belonging to food groups for which consumption is encouraged by the PNNS (fruit and vegetables, bread and cereals) would have lower scores than those belonging to food groups for which consumption should be limited (fats, sugary and salty snacks). We further hypothesised that the variability in the continuous FSA score within foods would allow for a discrimination between subcategories of foods (e.g. within the 'milk and dairy products', milk and yogurt would have a lower score than cheese), and that its use in multiple categories (i.e. five categories) would prove an alternative and adequate support for its use.
Materials and methods

Data collection
Food composition data. Data were obtained from the Nutri-Net-Santé study. Briefly, the NutriNet-Santé study is a French prospective observational cohort study in which inclusion and follow-up of volunteer subjects are performed on the Internet. The main objectives of the NutriNet-Santé study are (1) to investigate the relationship between nutrition and health outcomes, and (2) to study the role of various determinants of dietary patterns and nutritional status, and their interactions. Inclusion in the study began in May 2009, and is still ongoing. Volunteer subjects aged .18 years old subscribe to the study, and are considered included when they have completed a set of questionnaires assessing: diet, physical activity, anthropometry, lifestyle, socio-economic conditions and health status. Detailed information on the methods used in the NutriNet-Santé study can be found elsewhere (18) .
All foods and drinks that were declared to be consumed by the participants in the study have a correspondence as a 'generic' food in the NutriNet-Santé food composition database. This database reflects usually consumed foods in the French diet (19) . The food composition database contains also the composition of some branded foods. Food consumption for each participant is calculated taking into account the composition of the 'generic' food.
Dietary data. A sample of 4225 subjects representative of the French population (for sex, age and level of education), and having completed three 24 h dietary records, was drawn from subjects in the NutriNet-Santé study. Dietary data derived from these 24 h records were used to compute the relative proportion in which each food was consumed.
Variable computation
Programme National Nutrition Santé food categories. Foods were categorised according to the food groups described in the PNNS food guidelines (8) into nine broad food classes: food groups for which consumption is encouraged -'fruit and vegetables', 'cereals and potatoes'; food groups with intermediate recommendations -'milk and dairy products', 'meat, fish and eggs'; food groups for which consumption should be limited -'sugary snacks', 'salty snacks', 'fat and sauces'; composite foods for which no specific recommendation exists because of variable composition and nutritional content -'composite foods'; and, separately, 'beverages'. Alcoholic beverages and herbs and spices were excluded from the analyses.
Broad food categories were subdivided into detailed food categories, considering the consumer's point of view (e.g. soups included dry soups and broth, which are sold in the same supermarket aisle; see online supplementary Table S2 for categorisation of foods and beverages).
In a separate analysis, a further subcategorisation of cakes and biscuits took into account their content of fat (lipids $ 15 g/100 g) and added sugar ($15 g/100 g), in order to account for the PNNS recommendation 'avoid eating foods that are too salty, too sugary or too fatty' (20) . Taking these elements into account led to categories covering all possible combinations: 'sugary and fatty snacks'; 'fatty snacks'; 'sugary snacks'; 'low-fat and -sugar snacks'.
Food Standards Agency score computation. The FSA score is computed taking into account the nutrient content per 100 g for foods and beverages. It allocates positive points (0-10) for the content of energy (kJ), total sugar (g), SFA (g) and Na (mg). Negative points (0 -5) are allocated for the content of fruits, vegetables and nuts, fibres and proteins. The individual score is based on a discrete continuous scale from 2 15 (most healthy) to þ40 (less healthy) (see online supplementary Table S1 ).
Statistical analysis
Category evaluation. Variability in the FSA score was assessed using a multiple category system. The distribution was partitioned into percentiles, separately for foods and beverages in order to obtain an even number of products in each category. Given the distribution of FSA score values, the FSA score in the NutriNet-Santé food composition database was divided into quintiles for foods and into quartiles for beverages.
Foods and beverages were also categorised as 'healthier' and 'less healthy' according to the Office of Communication cut-off values: 'healthier' if FSA score # 4 (# 1 for beverages); 'less healthy' if FSA score .4 (. 1 for beverages) (13) .
Variability in the Food Standards Agency score across the Programme National Nutrition Santé food categories
Non-weighted analyses. Non-weighted analyses took into account all foods present in the database (including branded foods).
The mean FSA score and distribution across the detailed and broad food categories were computed. Variability in the FSA scores within each broad category was illustrated via boxplots of the distribution. Distributions in the broad and detailed food categories across the quintiles/quartiles of the FSA score were computed.
Weighted analyses. Weighted analyses took into account only generic foods that were consumed by the representative sample of the French population (i.e. including a smaller number of products). Each food was weighted according to its relative weight consumption (g), separately for foods and beverages. Weighting was performed in order to avoid attributing the same weight to foods that are rarely consumed and to those that are very commonly consumed.
Distributions in the broad and detailed food categories across the quintiles/quartiles of the FSA score were computed. A sub-analysis also investigated the distribution of the different subgroups of 'biscuits and cakes' according to their nutritional content.
Results
The food composition database contained 3741 foods and drinks (including 2657 generic foods and 1084 branded foods). After exclusion of alcoholic beverages (n 88) and herbs and spices (n 145), 3508 foods and beverages (n 3331 foods and n 177 beverages) were retained for non-weighted analyses. Among the 3508 foods and beverages present in the database, 2447 were generic foods (n 2337 foods and n 110 beverages) and, finally, 1973 (n 1878 foods and n 95 beverages) had been consumed by the representative sample from the NutriNet-Santé study, and were included in weighted analyses (see Table 1 for sociodemographic characteristics of the included sample).
Among the foods, mean FSA scores were the lowest for 'fruit and vegetables' (23·05 (SD 4·84)) and 'cereals and potatoes' (3·99 (SD 7·92)) and the highest for 'sugary snacks' (15·71 (SD 6·06)) and 'fats and sauces' (13·60 (SD 7·49)) (see online supplementary Table S3 ). Beverages had a mean FSA score of 0·17 (SD 2·52), with 'fruit juices' having lower mean scores than 'sweetened beverages' (23·34 (SD 1·84) and 1·35 (SD 1·26), respectively) (see online supplementary Table S3 ). Distributions of the values were the widest for 'cereals and potatoes', 'salty snacks' and 'fat and sauces' (Fig. 1) . The distribution was also important for composite foods, for which no specific recommendation exists, except the global recommendation 'avoid eating foods that are too salty, too sugary or too fatty' (Fig. 1) . Distributions of the values were much narrower for beverages, with the category 'fruit nectars' having the widest distribution (Fig. 2) .
'Healthier' foods corresponded to the first two quintiles (for foods) and to the first three quartiles (for beverages) of the FSA score distribution in the NutriNet-Santé food composition database. Distributions of the PNNS food and beverage categories across the FSA score categories were similar in non-weighted and weighted analyses (see online supplementary Tables S3 and S4 for non-weighted analyses). Broad food categories for which consumption is encouraged by the French PNNS recommendations were more likely to be in the first quintiles of the FSA score distribution: in weighted analyses, 82·41 % of 'fruit and vegetables' were in the first quintile of the distribution; 38·21 and 52·23 % of 'cereals and potatoes' were in the first and second quintiles of the distribution, respectively (Table 2) . Conversely, broad food categories for which consumption should be limited according to the PNNS were more likely to be in the last two quintiles of the distribution: 32·57 and 21·97 % of 'sugary snacks' were in the fourth and fifth quintiles of the distribution, respectively ( Table 2 ). As hypothesised, the distribution varied importantly across the detailed food categories: within the 'milk and dairy products' category, milk and yogurt were consistently distributed in the lower quintiles of the distribution than cheese (17·24 % in the first quintile v. 1·16 %; conversely, 0 % in the last quintile v. 88·71 %, respectively; Table 2 ). Similarly, within the 'meat, fish and eggs' category, fish and seafood were consistently distributed in the lower quintiles than processed meat (53·76 % in the first quintile v. 0·17 %; conversely, 0·19 % in the last quintile v. 74·84 %, respectively) ( Table 2) . Within the 'composite foods' category, 'pizzas, pies and quiche' were more likely to be distributed in the higher quintiles than other 'one-dish meals' (26·90 % in the highest quintile v. 0·56 %, respectively; Table 2 ). Distribution in the various subgroups of 'biscuits and cakes' depending on their nutritional content in fat and sugar showed that the FSA score allowed for a consistent discrimination across the types of products, with products low in fat and sugar distributing in the lower quintiles than sugary, fatty and sugary and fatty products, though variability in the FSA score remained important (see online supplementary Table S5 ). For beverages, distribution of the values did not allow for a discrimination of five evenly distributed categories, but only of four distinct quartiles. Within the 'beverages' category, 'fruit juices' were consistently distributed in the lower quartiles than all other beverages, including non-sugared beverages (including water; 98·2 % of fruit juices were in the lowest quartile v. 1·6 % of non-sugared beverages; see Table 3 and online  supplementary Table S6 for non-weighted analyses). Conversely, 'sweetened beverages' were more likely to be distributed in the higher quartiles (72·5 % in the highest quartile; Table 3 ).
Discussion
The present results show that even though the FSA score has been constructed according to British public health nutritional recommendations, the model has a broader application, as it can be applied in the French context with meaningful results.
PNNS food groups were similar to British food groups used for the validation in the National Diet and Nutrition Survey food database, and they consistently scored similarly using the FSA score (17) . Using the Office of Communication cut-off values for foods, 97·8 % of 'fruit and vegetables', 77·1 % of 'milk and dairy products', 67·4 % of 'meat, fish and eggs' and 3·8 % of 'sugary snacks' scored as 'healthier' in our food database, compared with, respectively 97, 70, 58 and 5 % in the National Diet and Nutrition Survey food database. For 'cereals and potatoes', 90·4 % were considered as 'healthier' in our database, compared with only 72 % in the National Diet and Nutrition Survey. This can be related to the fact that in France, legumes that exhibited very low scores are incorporated in this group, while they are considered as alternatives to protein-rich foods in the UK (21) .
Some inconsistencies appear though, in particular for nuts. The FSA score incorporates nuts in the computation of the 'fruit, vegetable and nuts' component of the score, which accounts for their overall better score and distribution (13) . In the UK, consumption of nuts is encouraged in 'moderate' amounts (21) . However, in France, nuts are considered as salty snacks and, as such, recommendations indicate that their consumption should be limited. However, some reflection on the PNNS recommendations is currently underway in France (22) .
The FSA score was developed in order to account for the nutrients of major concern in public health in the UK (14, 17) . Compared with other nutrient profiling schemes, it has been found to be the most consistent, and has the advantage of having a sound scientific background to its construction (6, 10) . The adequacy of the FSA score to French data tends to confirm that although nutrition patterns are different across countries (23) , nutritional risk factors targeted by public health authorities are similar, mirroring similar burden of diseases (24) .
Beyond the ability of the FSA score to adequately position the French broad food categories in the 'healthier' and 'less healthy' categories of the Office of Communication, its variability and ability to discriminate between and within detailed food categories questions its use as a dichotomised score. Such a binary score induces the idea of 'good' and 'bad' foods, promoting dichotomous thinking (25) . Use of more than two categories reflecting 'nutritional quality' would achieve the initial aim of the scoring procedure, i.e. classifying foods according to their overall nutritional quality without the drawback of classifying foods as 'all good' or 'all bad'. Moreover, for an application as a front-of-package nutritional information system, multiple categories (e.g. five, as in the present study) could entice manufacturers to use it as a competitive tool, and improve the nutritional quality of their products. Variability within groups using the FSA score categories allows for a discrimination between products that would otherwise have a similar 'nutrition' appeal to consumers, thus complementing current recommendations on the consumption of global food groups. This is most apparent for the 'breakfast cereals' subgroup, which, given their inclusion in the 'cereals and potatoes' group, would correspond to the recommendation of 'eat at every meal, depending on appetite'. However, breakfast cereals are distributed across all quintiles, and, in fact, some 18 % of them appear in the last quintile. The use of the FSA score in five categories would therefore allow consumers to discriminate between differing nutritional qualities within breakfast cereals: oat flakes (in the first quintile) and chocolate muesli (in the last quintile). This can be extended to other categories: in the 'fruits' category, some products appear in the third quintile (fruits in syrup); in the 'sugary snacks' category, though most of the products appear in high quintiles, which correspond to the recommendation 'avoid snacking', some still have fairly good scores (biscuits containing fruits in the second quintile); moreover, nutritional content of 'sugary snacks' was consistently taken into account by the FSA score, as confirmed by our additional analysis; finally, in the 'composite foods' category, foods appear in all quintiles, and even within the 'pizza' subcategory, some appear as having better nutritional quality than others (four-seasons pizza v. four-cheese pizza). From a statistical point of view, given the distribution of the FSA score values, we were not able to divide beverages into more than four even categories. Moreover, the second and third quartiles corresponded to only one point in the FSA score. Such distribution of values questions the computation of the score for beverages, for which different threshold values of the 'total sugar' or 'energy density' could be considered to better represent the diversity of the existing market.
At present, the present study supports the contention of using multiple categories of the FSA score for foods, but does not support it for beverages. Considering multiple categories for beverages (e.g. five, to be consistent with foods) would therefore entail modifying the score computation system.
The present study is subject to some limitations. First, we only assessed content validity of the FSA score. Variability in the score within one food group depends not only on the group (and variability within recipes and products), but also on the structure of the food database. Our database reflects the usual French diet, but does not accurately represent the French food market, which would be the actual target of the FSA score implementation. Future developments should investigate the application of the FSA score in the actual food market environment. Moreover, we used dietary data from volunteer subjects participating in a nutritional cohort. Food choices in these participants could differ from those in the general population, as subjects are more likely to be aware of nutritional issues. However, non-weighted and weighted data conveyed similar results, suggesting that the extent of this bias was limited.
Conclusion
The FSA score, even if developed in the specific context of the regulation of advertising to children in the UK, appears to be applicable in the French context. However, its use could be enlarged beyond the current dichotomised 'healthier' and 'less healthy' categories, at least for foods. Future studies should also investigate whether the FSA score can adequately describe an individual's diet.
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